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Metal-free binders for self-polishing anti-fouling paints 

A film-forming polymer is prepared by polymer- 



f rom 4 to 50 mol% of monomer units A selected from 
the group consisting of the trialkylsilyl esters of an 
ethylenically unsaturated carboxylic acid, and mix- 
tures thereof; 

from 5 to 45 mol% of monomer units B selected from 
the group consisting of the N-vinyl lactam mono- 
mers of general formula CH2=CH-NR'"'-CO-R |, the 
N-vinyl amides of general formula CH2=CH-N-CO- 
R" the monomers of general formula CH2=CR - 
mO-R"" -NR""-CO-R' |. the monomers of general 
formula CH2=CR»'-COO-R»»-N-CO-R», 2-pyrro- 
lidone-1-isoprenyl ketone, and mixtures thereof, 
wherein 

R' is a n-alkylidene radical having 2 to 
8 carbon atoms, 

R» is selected from the group consist- 
ing of alkyl, cycloalkyl, aryl, alkylaryl 



and arylalkyl radicals having a maxi- 
mum of 18 carbon atoms, 
R"' is H or CH3. 

R"» is a n-alkylidene radical having 
from 1 to 8 carbon atoms, 
R is H or R", 

- the balance of the monomer units being monomer 
units C selected from the group consisting of the 
esters of ethylenically unsaturated carboxylic acids 
with C1-C18 alcohols, styrene, alpha-methyl sty- 
rene, vinyl toluenes, and mixtures thereof. 

Anti-fouling paints having self-polishing properties 
in sea water and in freshwater are prepared which con- 
tain as essential components the film-forming polymers 
and anti-foulants. 
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Description 



to marine organisms near the surface rnnoK/mer containing 50-80 wt% triorganotin monomer, which grad- 

lor some 20 years. The reaction takes place nly ^Jj£j2£. a stable water-soluble methacrylic binder 
enough to propagate this reaction. The reaction productMhus formed ^ ch|orjde afe a|s0 

with carboxyiic pendant groups and tributyltm l UengXh by this process. Additionally, steady 

mentioned as reaction surface layer. The surlace of the coating thus grad- 



erisation of 



ation ot: 

^^XT^X^^^^^ 

trom 5 10 35 «t» of M least one co monomer B selecBd ™ m ™. 9 0l ,* m 40 to 70 wl% ol the polymer compo- 



styrene. 

chain and causing deformations in oysters and arger vessels until alternatives were found. 

hu „s of 25m or less, but the 1987 ruling ^J^^^^^JL in anti-fou,ing paints for most ships 
Some countries, such as Japan, have nevertheless aireaoy oanne a Maritime Organization (IMO), 

[0008] The Marine Environmental Protection Committee MEPQ o *^«^» and eventually prohibit the use 
a unit of the United Nations, has now recently ?^^ r ^JS 5£S by the U.S.A., which was agreed by 
of toxic organotin derivatives in anti-fouling paints. The working 1 proposa . d y ^ Qf TBT . contain i ng 

Amongst them, the use of triorganosi.y. Se ^97505 EP-A-646630, EP-A-714957. EP-A- 

and erosion properties have been reporte d to be ' n « d ^ u f e y Q js rate of tributyltin methacrylate/methyl methacr- 
[0011] indeed, it is common general knowledge that the hydrops adapting ^ JBTMA 

ylate [TBTMA/MMA] copolymers in alkaline water ^ e^V J fate jn seawater (wnich has a 

, content. Also, there is a direct relation (the higher the TBTMA-content. 

P H around 8) of anti-fouHng C ° P ° ,ymerS ' ^ ^ ^ 

[0012] We have observed that the rate of hydro.yss of tna J 3 va r|es from about zero to very 

5 M(M)A] copolymers with R= CnH2n + 1 andn- 3 or4 n a kj.ne -ol ° P p ^ ^ ^ 

SESSSSSysss: 
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s . .„ hlpnd CODOlvmer s of trialkylsilyl monomers with a chlorinated paraffin. 

[0015] W091/14743 (Courtaulds) proposed the use as siaomser » 

compound. _ . . mnmilort prod ibi e anti-fouling paint compositions comprising a film- 

of the tin-containing anti-fouling pa.nts of the > prior art : me tal-free binders for self-polishing paints. 

ess ffCJ^3S^iSSS^--•'■-"'•-•- , " 

SST* — od,ec, o, - aW»n is -o provide an ^ ^ P«e, * - anting paln. 

J5S5 Accordingly, me proson, invention provide, a r,lm,o,m,ng p*. Prepared by POlymerlsat- * 
, . ,„ m «s0„»— un te As e ^. T «»™"P«o™« s o 1 «« l a^a St e re o. m a W an^ 

unsaturated carooxylic acid, and mixtt. "a**™* consisting of me N-vinyl laclam monomers oi 

- !,om 5 to 45 mol% ol monomer, jn.ts B *"J "*7* j, J,M,»wa^»»« 
gene,.,.ormu,,CH2,C^ 



of 18 carbon atoms, 
R-'-Ts a n-aTkyWene radical having from 1 to 8 carbon atoms. 
FT' is H or Ft", 



and mixtures thereof. 

«^r.rmi« 
:r,n^^ 

the appropnate erosion rate. fiim-torolng polymer is prelerabl, ot from 8 to 40 mol%, 

most preterred monomer unit B is N-vinyl l^**™- |ormu , a CH 2,CH-N-CO-B\ herein R* is selected 

[M261 Monomer u* B - SalKy, radicals Paying a maximum o. t» carbon 

r 0 027] Monomer units B can further be monomers o genera I to ™» radjca , naving 2 t0 8 carbon but 

K^iS^SStSL P. monomers o, genera, to.mo, OH 2 .C R -.COO.R-N.O. R -. herein 
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Lre preferably o« from 10 to 30 mo.% '^^^^^Z^ Vm esters of ethy.enica.ry unsaturated 
[0030] Monomer units C are preferabl y sel «tt unsaturated carboxylic acid is more 
carboxylic acids with C1-C18 alcohols and mxt ur " the ^ 0, m ^ e ^ acjd * a|eic acid , {umaric acid, and mixtures 
preferably selected from the group cons.st.ng of ^J^lT^^^^ acid , and mixtures thereof. The 
Lreof, most preferably selected from the g = 

alcohol may be an aliphatic or a <***^ c *£*^ miserably from C1 -C2 a.coho.s. Typical examples 
oTmo'om^^^ 

(meth)acry.ate, isobuty. (meth)acrylate, f * of at -east 10 mo.%. 

[0031] The amount of monomer un.ts C ; W^J^^J appropriate monomers in the appropriate 

[00 32] The polymer can be P"^*^^. SEJS^ «* as e.g benzoyl peroxide, tert-buty, peroxy 
proportions at polymensat.on cond tions using a ' *™ ™™ or '^isisobutyro nit ri le . The reaction is carried out in an 
2-ethyl hexanoate (TBPEH), t-butyl ^^SS^S^^SSm and N.N-dimethylformamide. ethers 
organic solvent such as e.g. xylene, toluene am.des u * as N me ™ |ohexanone , me thyl-isoamylke- 

such as dioxane, THF and diethyl ether, butyl acetate n I butano 1 y isation is p re »erab.y 

tone, 2-methoxyethanol, ^^^^^^i^^n>s may be" used providing that the 
carried out at a temperature in the range of 70-140 C al ftougn nigne P es lymers of 

solvent and the catalyst are adapted thereto. Within his range ^ use o, ^ 9^ t P ^ ^ ^ ^ 

paint It further provides self-polishing anti-fouling paints contain.ng as rts essent.al components. 



one or more film-forming polymers according to the invention; and 
one or more anti-foulants. 



meL-containing organic compounds, and metal-free "f^™^^ ( „ copper sulphate> CO pper powder. 

pounds, and organo-zinc compounds. Alsc lusabU .are m n Up* bis(ethy.en- 
and the like. Examples of the organo-copper compounds ^°^°^J Q P p ; ritnione and copper bis(pen- 
ediamine) bis(dodecylbenzenesulphonate), Sate and nickel dimethyldithiocar- 

ocarbamate complexed with zinc salt ( mancozeb > n . N . triha iomethylthiophthalimides, trihalomethylthio- 

compounds, triazine compounds, oxatj.az.nes and other s N . trichloromethylt hiophthalimide and N-fluorodichlo- 
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° M «! *^*~^^s*T£E2£XZZZ£:«. 3 pos»,on reP — . <., 

patent WO 98/05719: mono- and di-oxides ol 1,4,2 °» a ™"™ , hydroxy!, halo, 01-12 alkyl, 05-6 cy- 

pher,,!, phenyl suWlulad win. 1 10 3 "^JT 1 PharWxy. 01-4 alkylcarbonyl, phe- 

cBalkyl. trlhalomethyl, phenyl. 01-05 alkoxy. C -5 alkyl "SZrtinvl, C1-4 alkylarninoearhonyl. phe- 
nyinyl. 01-4 alkylsulHnyl. '^""^^'^I'^Z™. *».anyl or 01-4 .IKyloxy^ma- 

-co 

[0045] Wherein X is oxygen or ^Tb^^^^^^ 

alkyl substituent; a second substituent selected alky or benz r be ng p ^ y nftrj|e> N N . dime . 

[0046] Other examples of the metal-free 
lhy.-dich.oropheny.urea, ^ d ! chtoro ; 2 -'^ 
i ylthio)sulfamide, tetramethylthiuramdisulph.de, 3-.odo-2 "P«^S2l t 0 tolvl sulphone, phenyl(bispyridine)bismuth 
Lzole, 2M«H-*M«^^^ 

dichloride. 2-(4-thiaz 0 .y.)benz,mj a zo.e ' ^; y r f t r °^ , ^ , ^ami'-fou^nt of the ox a tni aZ ines disclosed in WO-A-9505739 

[0047] According to a preferred 2E^^?SE«g the self-polishing properties of the paint. 

has the added advantage (d.sclosed in ^^ f^ ™£ t0 9 be tne most trou blesome, because they resist to 

o [0048] Among the fouling organ.sms, ba mac e s have provea o b Qf &{ ^ Qne 

most biocides. Accordingly, the pa.nt ^J^^'^SS b naCecide is disclosed in EP-A-831134. EP-A- 
barnaolecide, such as cuprous oxide or * "ocyanate^ A pnmn ^ Qf ^ compos ,, on) 0 at 

831134 discloses the use of from 0 5 to 9.9 b ^ °™ ™£ subs tjt u ted in position 5 and optionally in position 
least one 2-tnhalogenomethyl-3-halogeno-4^ ^ of fluorin6i chlorine and 

« 1 , the halogens in positions 2 and 3 being ™SlISS of CW alkyl, C1-8 monoha.ogenoalkyl, 

bromine, the substituent in position 5 being ^selecte fro* ^.ogenobenzyl. mono-and di-ha.ogen- 

40 SSSS=^^ bei^ec,ected»romC1-4a,ky,andC1-4 

alkoxy C1-4 alkyl. anti-foulants are employed in the present invention. The ianti- 

[0049] One or more anti-foulants s f * he solid contents of the coating composition ,s 

45 r a rr c rngS 

SSTSSKS-r contains pig m ent(s), solvents) and additiv^ 

[0051] The paint composition contains one or more p.gments (or fillers). solub)e 
50 0052 The 'paint composition can contain one o^J^^^^,! do not survive at the paint 
n sea water. These pigments have a sea water solubility that tne ^ re , a tively-moving sea water exerts 

surface. These pigments have the effectof inducing 

on the paint film, minimising localised •^^^^ n Swishing anti-fou.ing paints. Typical examp es 
of the paint. Sparingly soluble pigments have long been used ' n s ^ y zjnc chromat e, zinc dimethyl d.th.- 
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cop^an^^or^ 

iltaniom dioxide. Wo o, terric oxide. 8 ^^^S^S^^ « < he °' ' he 

have been found very effective. arnmatic hvdrocarbons such as xylene and toluene; aliphatic hydro- 

[0056] Examples of the organic solvent include ^^SbmS butyl acetate; amides such as N-methylpyr- 
carbons such as hexane and ^^^^J^^S^ butyl alcohol; ethers such as dioxane, 

methyl isobuty1 ketone and me,hyl isoamyl ketone ' 

The solvent may be used alone or In comb.nalion thereof 1>a „„„,,„„ temperature lor the applioetion 

[00571 Solvent, are used »^^^jSTKSiS?Jl«o ■»>*■ ™ 5 < e"* era, " y abOU ' " 

a 9 ents - . „ mar A thP er osion rate of the copolymers of the invention in an alkaline 

; [0059] Providing there is enough monomer A , the eros on ra te on y ^ cQntent .„ 

W at anti-louling ooatlngs can be deve *P«** ^JjLS Abased coatings have salt-polishing properties only 
is hulls and other structures immersed in freshwater. 
EXAMPLES 

Determination of the solid s content 



hour 



Determination of the viscosity 

D21 96-86]. (Table, Properties, dPa.s) 

rw^inatinn «t the molecular w ^nt distribution of the polymers 

(d = Mw/Mn) are reported in the Table. 
55 Evaluation of th » hydrolability of the binders 

r 0 064] The hydrolability has been evaluated by dipping draw-downs inan < NaOH ' pH = 13 4) ** 

EinS the number of minutes (induction time) before hydrops could be observed. 
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STness at regular intervals. Erosion is reported as a rate expressed m um/hour. 
s Evaluation of the thixotropic factor 

53018,53019, 53214] 

w 

Evaluation of the polishing of paints 

[0067] Theerosionrateistheaveragede^^ 

test (1 month = 30 days). Hiamoter wprP n ro tected with a standard anti-corrosive system (300 urn in 

,s [0068] Stainless steels discs, 20 cm in diameter, were pratec tad ^witn as ^ thickness 

dry »i,m thickness). Two layers of the se »-P°^ 
between200and 300 ^m.Theteste were camedout.ncons^ 



EXAMPLES 1 TO 20 
Preparation of the binde r, example 1-20 



the monomers. . 

[0072] A premix was prepared in a separate vessel; it contained. 

. 495 g of tributylsilyl methyl acrylate (TBSiMA), [26.5 mol% of monomers] 

- 124 g of vinyl pyrrolidone (VP), [17.0 mol% of monomers] 

- 371 g of MMA, [56.5 mol% of monomers] 

- 19.8 g (= 2% on total monomer weight) of TBPEH, and 
81 g of xylene. 

,0073, T^xwasaOo^*^.^ 
COMPARISO N FXAMPLES A AND B 

[0075] Resins A and B were prepared according the procedure described for ex 1-20 using as monomers: 

- 26 mol% of tributyl-X methacrylate, wherein X=Sn (ex. A) or Si (ex. B); 

- 74 mol% of methyl methacrylate. 

the average erosion rate was: 

- example A: 4 urn (average of values ranging from 3.7 to 4.3 urn) 

- example B: 0.4 urn (average of values ranging from 0.3 to 0.5 urn). 
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Preparation of the paint, example 21 
the dry paint): 

. the resin solution of example 1 7 28.60 pbw [56 vol%] 

- cuprous oxide 36.20 pbw [22 vol%] 

- zinc oxide 1 3.70 pbw [09 vol%] 

- thixotropic additives 01 .70 pbw [04 vol%] 

- molecular sieve (additive) 01 .00 pbw [02 vol%] 

- xylene 10.50 pbw 

P,.n„ M io, of oggeas ^-33 ± cgMffia ™">r<°> c »" d - s " °"* e "' 

,„,„ The p.,n„ wore prepa,... * M M-* composition «,ho .0,% %u,es a,. oaiooiated on « ,o,a, so,* 
in the dry paint): 

- resin solids selected from example 1-20.A.B 13.8 pbw 

- dioctylphtalate 02.0 pbw 

- cuprous oxide 30.3 pbw 

- zinc oxide 24.6 pbw 

! I^o^ 03.7 pbw (as 30 wt% solution) 

i - thixotropic additives 00.9 pbw 

- molecular sieve (additive) 01 .0 pbw 

. xylene, including xylene from resin solutions 23.9 pbw 



Paint properties of ex. 21 compared to comparative ex. 34 and 35 



34(C) 
35(C) 



Viscosity dPa.s 



15 



12 



erosion in seawater urn/ 
month 



1.5 



Fouled area after 1 year 
% -raftpanel 



35, had a considerable lower erosion rate. anti-fouling activity by applying them 

[0082] The paints of ex 21 , 34 and 35 thus obtened ^"^jZeon a panel and immersing the panels from 
!o a plaque over a vinyl resins/tar a ^ co "°^ included plaques coated with a 

a raft in a river estuary off Southern Net herta ,nds J" r ^ ^nms^ac p ^ 

non-toxic control (which became heavily fouled with se w^^™^ wjth tne paint 0 , tne invention (ex. 21) 
[0083] No weed or animal fouling has been observed on the ™ Tnjs M in contrast to the tributylsilyl- 

Ld the TBT-based reference (ex 34). The alga. «™ "J^^^^t^, algae and alga, slime, 
methacrylate based reference paint formulation (ex 35) wh.ch was tor ^ 
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Erosion properties at alkaline conditions. 

[0084] The erosion rate of paint examples 22-35 were determined in alkaline conditions (pH 11 .3. 1 2.3 or 13.3). The 
results are presented in table III. „ loimoH n 0 «, hindprs eroded well at a lower pH or eroded at 

pH than that is needed for the erosion of the TBT-based reference (ex. 34) 
TABLE I 





Composition wt% 


Properties 




— 7— 


Ex. 


A 


B 


C 


% 


dPa.s 


Mw 


d 




1 


25 


5 


70 


50.7 


50 


39450 


27 . 




2 


25 


7.5 


67.5 


51 


62 


41000 


2.7 




3 


25 


10 


65 


50.2 


58 


43300 


2.7 




4 


25 


12.5 




55.4 


44 


51900 


3,0 




5 


32.5 


5 


62.5 


54.9 


71 


38724 


2.4 




6 


32.5 


7.5 


60 


49.5 


23 


39700 


2.5 




7 


32.5 


10 


57.5 


49.4 


29 


38950 


2.5 




8 


32.5 


12.5 


55 


53.2 


62 


42754 


2.5 




9 


32.5 


20 


47.5 


50.6 


50 


45616 


2.4 




10 


45 


5 


50 


55.8 


27 


38000 


2.8 




11 


45 


7.5 


47.5 


55.1 


22 


41000 


2.6 




12 


45 


10 


45 


54.7 


29 


42100 


2.6 


41 


13 


45 


12.5 


42.5 


54.9 


34 


41650 


2.6 


40 


14 


50 


5 


45 


55.06 


19 


41508 


2.7 


38 


15 


50 


7.5 


42.5 


54.3 


19 


41150 


2.6 


37 


16 


50 


10 


40 


53.9 


17 


44250 


2.8 


36 


17 


50 


12.5 


37.5 


54.8 


25 


48527 


2.6 


35 


18 


50 


15 


35 


53.2 


20 


48766 


2.7 


.34 


19 


50 


20 


30 


53 


21 


46926 


2.6 


32 


. 20 


57 


12.5 


30.5 


53.7 


12 


44000 


2.8 


28 


A 


57# 


0 


43 


56 


25 


59000 


2.2 


24 


B 


50 


0 50 


55 


10 


36600 


2.8 


40 




/lonomer 
/lonomer 
/lonome 


"A: tri(n-butyl)silyl methacryiate ^or » : 
B: vinyl pyrrolidone 
C: methyl methacryiate 


rBTMA) 

. — oi ok n.hi ih/l nnrvlate=5.0) 



TABLE II 



example N° 


Alkaline sensitivity 


Erosion 


rate (mien 


on/hour) 


Induction* time (minutes) 


pH 11.3 


pH 12.3 


pH13.3 


1 


>700 


0 


0 


1 
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TABLE II (continued) 



example N° 


Alkaline sensitivity 


Erosion 


rate (micro 


n/hour) 




Induction* time (minutes) 


pH " 3 - 




pH 13.3 


2 


>700 




0 


1 


3 


>700 




0 


1 


4 


>700 




0 


1 


5 


500 




£ 


2 


6 


500 


— |j — 





2 


7 


390 







3 


8 


210 


— £ — 




3 


10 


170 




0 


3 


9 


160 






4 


11 


150 




— ol — 


nd 


12 


150 




1.2 


nd 


14 


110 






nd 


13 


90 




10 


nd 


15 


90 






nd 




90 


0 


2.9 


nd 


17 


60 


5 


28 


nd 


18 


50 


15 


nd 


nd 


20 


40 


31 


nd 


nd 


19 


30 


100 


nd 


nd 


A 


2 


nd 


4.0 


nd 


B 


>700 


0 


0.4 


1 



• pH = 13.4 



Table III: 



Paint erosion at pH 113, 12.3 or 13 3 


Paint example 


used binder example 


Paint erosion* 




pH 11.3 


pH 12.3 


pH 13.3 


22 


1 


nd 


0 


2 


23 


2 


nd 


0 


2 


24 


3 


nd 


0 


3 


25 


6 


nd 


0 


8 


26 


7 


nd 


0 


12 


27 


10 


nd 


0 


40 


28 


11 


0 


>69 


nd 


29 


12 




nd 


nd 



* in micron/hour 
nd = not determined 
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Pnint erosion pH 11.3. 12.3 or 13.3 


Paint example 


used binder example 


Paint erosion* 


pH 11.3 


pH 12.3 


pH 13.3 


30 


13 


8.6 


nd 


nd 


31 


15 


6.0 


nd 


nd 


32 


16 


7.2 


nd 


nd 


33 


20 


32.2 


nd 


nd 


C 


A 


nd 


5.7 


nd 




B 


nd 


0 


, 5 



$ in micron/hour 
nd = not de 



1 . Film-forming polymer prepared by polymerisation of: 



from 4 to 50 mo,% of monomer units A selected from the group consisting of the .na.Ky.sUy. esters o, an 

ethylenically unsaturated carboxylic acid, and fixtures th »«J N . y| , , actam monome rs of 

from 5 to 45 ™Ko<™non^ CH2 Jh-N-CO-R», the mon- 

genera. formula ^^^^^.^^SfV\. the monomers of general formula CH2=CFT- 

imum of 18 carbon atoms, 
FT is H or CH3, 

FT is a n-alkylidene radical having from 1 to 8 carbon atoms, 
R""' is H or Ft", 



and mixtures thereof, 
erably isopropy. and n-butyl. 

Film-forming polymer according to claim 1 , wherein in monomer units B: 

carbon atoms, preferably 2 to 6 carbon atoms, and/or 
. FT is CH3. 

, pc^mer according . elm ,. -herein ,n moncme, cni.s C me esters ere esters o. «Mr 
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alcohols. „ . 

10. Sell-fK-lishing an«-tou«ng paW containing as MMrtW components: 

. on, o, more «m*m*g P0'V™« » «» °"* <" °' almS ' " * 

- one or more anti-foulant. 
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